Analysis on the thermo-mechanical behaviors of smart skin antenna structures under air flow is performed. The model is a conformal load-bearing structure, reducing radar cross section and increasing stealth functions are very important. The skin is modeled as a multi-layer sandwich structure composed of carbon/epoxy, glass/epoxy and a dielectric polymer. Furthermore, a dielectric layer is embedded on the middle surface of the sandwich structure to act as antenna or radars. The formulation of the structural model is based on the first-order shear deformation plate theory. Lastly, Newton-Raphson iterative method applied for solving the nonlinear equations of the thermal postbuckling analysis and numerical results are calculated by finite element method.
Introduction
Throughout the history, researchers have endeavored to develop new and advanced technologies with the goal of achieving military advantage of the materials. Recently, many countries lead to develop so called stealth aircraft in order to avoid radar detection. For this reason, smart skin structures are investigated. The skin is a conformal load-bearing antenna structure reducing radar cross section and increasing stealth function. Finally, the structure is composed of laminated with special properties.
Smart skin structures have been widely investigated such as the design procedure including the structure design, material selection and design of antenna elements in order to obtain high electric and mechanical performances [1] . Kang et al. [2] performed analysis and optimal design of smart skin structures for buckling and free vibration using finite element method and genetic algorithm. Yoon et al. [3] designed and fabricated a simple conformal load-bearing smart skin antenna structures. Under the unidirectional compression load, the test and analysis results were compared. Yoo and Kim [4] presented the thermal buckling of the smart skin for the antenna performance and optimization to maximize the critical temperature and natural frequency.
Generally, laminated plate is replaced metal structures for the smart skin of aircraft wings and antenna to reduce the weight of structure. In this work, first-order shear deformation theory is employed and vonKarman strain-displacement relations are based to derive governing equations of the plate. Nonlinear analysis of the structural model in supersonic range is calculated by the first-order piston theory. The Newton-Raphson method is applied to solve the governing equations of the model. The thermal buckling characteristics of the smart skin are studied with design variables.
Modeling and formulation

Modeling
As shown Fig. 1 , the smart skin model is introduced. The model is consist of 6 composite plates such as Glass/epoxy, Carbon/epoxy and Dielectric layer. The face sheets protect the dielectric layer due to external disturbances such as aerodynamic force and thermal loading. The carbon/epoxy layer was located on each side of the dielectric layer. Then, the honeycomb cores transmit shear between sheets, and provide the air gap to the antenna. Material Properties are presented in Table 1 . 
Formulation
The displacement fields for a composite plate based on the first-order shear deformation theory, and the von Karman strain-displacement relations for small strains with moderate rotations.
The stresses with thermal effect in laminate layers for the th k layer are obtained by transformation of coordinates as 1 ,
To derive the governing equations, the principle of virtual work is applied. The internal virtual work is given by
where K , 
where V , M and a are the air flow speed, mach number and air density, respectively. In addition, non-dimensional aerodynamic pressure is defined as
Finally, the governing equation in matrix form for the present study is obtained as
In Eq. (5), the Newton-Raphson method is applied to analyze the post-buckling behaviors of the model.
Numerical results and discussions
Code verification
To verify the code for the thermal buckling analysis, the thermal buckling analysis of a composite sandwich plate structure that is compounded [0/90/…/90] 10 [core] [90/0/…/0] 10 is performed. Table 2 shows the present result has good agreement with the data in Ref. [5] . The design variables are area of dielectric layer, aspect ratio and aerodynamic load in this work. Figure 2 shows the post-buckling behaviors with change of area ratio of the dielectric layer. The layer sequence is [ /-]s, and dielectric enclosure layers are made of six composite layers [0/ /90]s. As the area of dielectric layer is increased, the non-dimensional deflection is increased. It is due to low stiffness characteristics of dielectric layer. Figure 3 illustrates the characteristics with variation of aspect ratio of the face sheets and dielectric enclosure layer. As the aspect ratio is increased, the non-dimensional deflection is increased. Furthermore, aspect ratio has almost no effect on the behavior for the smart skin structure with aspect ratio greater than 2. Thus, similar results were observed in which the aspect ratio is between 2 and more over. The effects of airflow on deformed shapes of the all simply supported boundary model are presented in Fig. 4 . It is center deflection along the x-direction at the point (y/b =1/2). As the aerodynamic pressure is increased, the deflection is decreased and the highest deflection point is moved backward. It can be known that as aerodynamic pressure is increased, the center of the model is gone downward at 300 .
Thermo-mechanical behaviors
For the cases of over than 300 , there are sudden decreased in deformations at the center of the model.
It is due to the dielectric layer is more ductile than face sheets, and thus center of the structure is more flexible at same temperature increasing.
Conclusions
In this study, the behavior of the multi-layer structure of a smart skin antenna induced by aerodynamic load is investigated. The smart skin structure which is consist of different characteristic such as Carbon/Epoxy, Glass/Epoxy, Honeycomb core and dielectric layer is studied. It is analyzed by the effect of area ratio of dielectric layer, aspect ratio of the structure and aerodynamic pressure. The thermomechanical behaviors are dependent on the design variable such as area ratio, aspect ratio and aerodynamic pressure.
